ABSTRACT The larva of Abablemma brimleyana (Dyar) (Noctuidae) is described and illustrated based on ex ova larvae reared on green algae (Protococcus viridis). A last instar Abablemma duomaculata (Barnes & Benjamin), collected from and reared on Physcia, a foliose lichen, and its lichen-encrusted cocoon, as well as a last instar Nigetia formosalis Walker ex ova reared on Protococcus, also are Þgured. Beating samples of lichens in the thorn scrub that yielded the A. duomaculata larva also produced multiple individuals of Cisthene subrufa (Barnes & McDunnough) (Noctuidae: Arctiinae: Lithosiini) and Glenoides lenticuligera A. Blanchard (Geometridae: Ennominae), both of which were reared to maturity on lichens. Abablemma, presently classiÞed in the Araeopteroninae, is shown to be closely related to Nigetia formosalis, a Scolecocampinae according to Fibiger and Lafontaine. Shared larval and life history characters among the Araeopteroninae Fibiger 2005, Eublemminae Forbes 1954, Hypenodinae Forbes 1954, and Scolecocampinae Grote 1883 are discussed: the similarities between Abablemma, Hypenodes, and other genera suggest that the subfamilial classiÞcation for these basal quadriÞds has been oversplit. The article concludes with a brief review of lichen and algal feeding in Macrolepidoptera and provides a listing of 38 macrolepidopterans that T.L.M. and D.L.W. have reared from green algae and foliose lichens; included are members of Geometridae: Ennominae (n ϭ 1); and Þve subfamilies of Noctuidae: Arctiinae (n ϭ 13) (12 of which are lithosiines), Eublemminae (n ϭ 6) (all Metalectra Hü bner), Herminiinae (n ϭ 2) (both Zanclognatha Lederer), Scolecocampinae (n ϭ 1), Araeopteroninae (n ϭ 3), Hypenodinae (n ϭ 1), Nolinae (n ϭ 1), and Xyleninae: Elaphriini (n ϭ 10) (all but two of which are Elaphria Hü bner).
The lichen-feeding larva of Abablemma is exceptional: its body surface is densely papillated, the prolegs are missing on A3 and A4, and long setae, half as long again as the entire body, issue from each end of the caterpillar (Fig. 1) . The prepupal caterpillar constructs an elaborate, pedunculated, lichen-encrusted ("living") cocoon by interweaving dozens of individually positioned lichen fragments (Fig. 2) .
The most familiar Abablemma in the eastern United States is Abablemma brimleyana (Dyar) (Dyar 1914) , which ranges northward to New Jersey along the Atlantic Coastal Plain. Originally, brimleyana was described in the genus Phobolosia Dyar 1908, a genus presently assigned to Scolecocampinae by Fibiger and Lafontaine (2005) . Forbes (1954) mentioned Phobolosia brimleyana in his discussion of Eumicremma minima Guené e, and placed brimleyana in EublemminiÑ one of his three recognized acontiine tribes. Franclemont and Todd (1983) moved brimleyana and two related species into Abablemma Nye (ϭMicro-blemma Hampson) and transferred the genus from Acontiinae into their much expanded Hypenodinae. Kitching and Rawlins (1998) treated Hypenodinae as a synonym of Strepsimaninae, but they noted that there was no character evidence demonstrating that the subfamily was monophyletic. Fibiger and Lafontaine (2005) moved Abablemma and a number of related genera (see below) into Araeopteroninae Fibiger. 4 The new subfamily was placed between Hypenodinae and Eublemminae, a reßection of the presumed close taxonomic relationship among the three subfamilies (Discussion: Taxonomic Status of Araeopteroninae).
We describe the larva and cocoon of Abablemma based on a series of ex ova A. brimleyana larvae reared on the green alga Protococcus and a set of images of a single larva of Abablemma duomaculata (Barnes & Benjamin) . In addition, Nigetia formosalis Walker, also reared on Protococcus, is illustrated with a photograph and compared with Abablemma. We contrast the lar-vae of Abablemma and Nigetia Walker with that of the type species of Hypenodinae, Hypenodes humidalis Doubleday, and related quadriÞds and we note morphological and biological similarities among various members of the Araeopteroninae Fibiger, Eublemminae Forbes 1954 , Hypenodinae Forbes 1954 , Scolecocampinae Grote 1883, which would suggest that the subfamilial classiÞcation for basal quadriÞds has been oversplit or that much rearrangement of included genera will be needed for these subfamilies to be monophyletic. The article concludes with a brief review of lichen and algal feeding in macrolepidopterans and includes a listing of 38 species that T.L.M. and D.L.W. have reared on algae and lichens. Our collective experiences suggest that "lichen feeding" is somewhat of a misnomer as applied to lepidopterans because many if not most lichen feeders are, in fact, better thought of as "algal" feeders. It is our guess that lichens are required principally by those taxa that sequester or otherwise require secondary compounds from them, e.g., the lithosiine arctiines.
Materials and Methods
Eggs of A. brimleyana were obtained from a female observed laying eggs on bark covered with algae (GA: Glynn Co., Little St. Simons Island, 3 July 2001 , TLM coll., Lot: 2001 . The female was then captured and conÞned in a vial; she subsequently laid eggs that were then reared to maturity on Protococcus viridus. A single larva of A. duomaculata was obtained while beating Physcia-encrusted branches of Pithecellobium ebano (TX: Cameron Co., north of Port Isabel, 30 December 2005, DLW coll., Lot: 2005M47.1). The caterpillar was reared to maturity on Physcia (no foliage was offered). N. formosalis was reared ex ova on P. viridis (FL: Desolo Co., Arcadia, 9 May 1999, TLM coll., Lot: 99-25) .
Two A. brimleyana larvae were prepared for scanning electron microscopy (SEM) study by running them through a series of ethanol baths (70, 80, 90, 95 , and 100%) before they were dehydrated with hexamethyldisilazane. The caterpillars were then coated with gold-palladium for 3 min in a Polaron E 5100 sputter coater. Images were obtained with a Zeiss DSM-982 Gemini FE SEM at 3 kV. 
Results

Description of A. brimleyana. Last instar:
Length of preserved individuals: 10 Ð11 mm (n ϭ 4). Body widest at T2. First four abdominal segments somewhat elongate, 2ϫ length of A6. Integument densely set with ribbed papillae that diminish in size and number ventrad of L3; largest papillae knob-like, in vicinity of spiracle ( Fig. 14) and along outer face of prolegs (Fig.  12) ; venter more spiculate than papillate. Primary setae only. Preserved larva nearly white with vague remnants of longitudinal striping: thin, rudimentary addorsal stripe (passing through D1 pinacula) most developed as intersegmental spots between T2 and A7; black intersegmental spots at level of supraspiracular stripe, between thoracic and Þrst three abdominal segments; venter dark brown (below L3 setae). Vague brown-black subdorsal patch on A5-A7. XD, D, and L setae extremely long, curved; larger setae, especially those from ends of body, arising from turret-like pinacula. D1 seta curved forward on T1-A9; D2 seta curved rearward on T2-A9. Larger setae microannulated with dozens of pseudosegments. Head (Figs. 5Ð10): Integument papillated, especially upper portion of each lobe; papillae decreasing in size and degree of ribbing ventrad. Cranial setae of normal length (relative to those of body); larger setae luffa-like, bearing imbricate ribbing and fossae; A1 longest, approximately height of frontoclypeus. Frontoclypeus extending about half way to epicranial notch (Fig. 9) . Stemmata in two groups: 1Ð 4 closely grouped and shifted away from antenna (toward L1); stemmata 1 and 2 closely situated, with one dropped beneath 2; stemmata 5 and 6 somewhat reduced, normally situated (Figs. 7 and 10). Antenna as in Fig. 10 . Labrum shallowly notched (Fig. 8) . Cone-like spinneret short, subequal to labial palpus, with apical pore (Fig. 8) . Thorax (Figs. 4Ð 6, 14): Prothorax with XD1, XD2, D1, D2, and L1 long, extending well forward; D1 and D2 from turret-like pinacula. SD2 and both SV setae also greatly elongated; SD1 elongate, Þne, about one third the diameter of SD2 (setae proximate) (Figs. 5 and 6) . Spiracle circular, with peritreme raised well above integument (Fig. 14) . Mesothorax and metathorax (Fig. 5 ): D1 extremely long, arising from greatly enlarged wart-like pinaculum; D1 on T2 largest (and thickest) of all body setae, nearly one third of entire body length, extending well anterior of head; D1 seta and pinaculum on T3 enlarged but only about half size of those of mesothorax. SD1 Þne, inconspicuous, situated closer to L1 and L3 than D2; SD2 not seen (but see below). Three L setae proximate, all very elongate: L1 and L3 greatly lengthened; those on T2 extending in front of head. One SV seta. Abdomen (Figs. 4 and 11Ð13, 15Ð17): D1, D2, L1, and L2 setae very long, curved, from enlarged turret-like pinacula on A1-A8 (Figs. 11 and 12); SD2 minute just above and anterior to spiracle (Fig. 15) . L1 large, almost at same level as SD1 on A1-A6. MD, MSD, and MV proprioreceptors not located. A1-A4 with three SV setae, these widely separated on A1, but become progressively more closely situated rearward; V1 seta longer than SV3. Prolegs absent on A3 and A4; prolegs on A5-A6 bearing scattered knob-like papillae over outer surface; proleg on A5 somewhat reduced, shifted rearward, bearing 17Ð18 crochets; a second row of rudimentary crochets evidently present (Fig. 16 ). A5 at dorsal midline about three-fourths length of A4; L1 at level of spiracle. A6 only one half the length of A4; D1 and D2 subequal; SD1 reduced in size; L1 shifted below spiracle. A7 small, about one third the length of A4; setae reduced in girth and length; D2 circa 2ϫ D1; three proximate L setae below spiracle; 1 SV seta. A8 lengthened, Ͼ2ϫ length of A7 along dorsal midline; D and L setae very long, and especially D2 extending well behind body; 3 L setae, one small SV seta (Fig. 12) . A9 weakly differentiated from A8; D2 and D1 greatly enlarged, borne from turret-like pinacula; D2 so enlarged as to make entire segment seem humped and extending well beyond A10 (Fig. 12 ); D1 at or below level of SD1; 1 L seta; one small SV seta apparently.
5 Abdominal spiracles round, small, on A1-A7 only about one half the diameter of L1 setal base, with raised peritreme (Fig. 15) . A10 with D2 closely situated and spine-like (Fig. 13) ; SD2 very long; anal plate coarsely rough- ened; prolegs with 19 Ð20 crochets, appearing rudimentarily biordinal (Fig. 17) ; planta with large knoblike papillae.
Life History Notes for A. brimleyana. On Little St. SimonÕs Island, just off the Georgia coast, a female A. brimleyana was observed ovipositing (13 May 2001) on the underside of a waist-high horizontal branch that was covered with P. viridis and held for eggs. First instars hatched after 5 d and began feeding on the Protococcus. The Þrst larvae matured by 2 July and the last by 24 July. Egg hatch to larval maturation took 48 d under ambient conditions (rearing was completed in Albany, NY) (T.L.M.). First and mid-instars were offered Parmelia, Parmotrema, and Punctelia lichens, but they did not feed on any of these lichens.
Description of A. duomaculata. Last instar in life 12.5 mm. As in A. brimleyana, but setae longer and body with larger papillae. Longest thoracic and caudal abdominal setae 6 Ð7 mm in length, greater than half of the overall body length (Fig. 1) . Cranial setae and those along lower portions of body pale and appreciably shorter. In life, the head is partially withdrawn into prothorax. A brief description of a living last instar, based on 17 images, follows: mottled in grays, white, black, and pale greens. Pinkish white middorsal stripe broad and ill deÞned over thorax, wide but clearly demarcated over A1-A4 and A8, narrowing over A5-A7, bulging at mid-segment in vicinity of dorsal pinacula over abdominal segments. Black, intersegmental lateral lenses open ventrad, beginning on T3 and extending back to A4. Prominent black lateral patch on A5-A7 extending up to (and contrasting with) pinkish white middorsal stripe. Olive green patches above and below black lateral markings, these especially evident on A1-A4. Smoky yellow lateral patches above prolegs on A5 and A6. Proleg on A6 larger than that on A5.
Life History Notes for A. duomaculata. The larva fed on lichen-encrusted twigs from P. ebano (no foliage was offered). Fecal pellets were removed from the container every other day (as a check that the caterpillar was feeding and growing on lichens). The most common foliose lichens were members of the genus Physcia; the twigs also were well covered with a number of crustose lichens that were not identiÞed. The cortex and the underlying algal layer of one of the Physcia species were grazed in patches.
Larval movement was jerky: the caterpillar ßipped half of the body to a position and then after a delay of a second or two brought along the rear of the body. When prodded, the larva was reluctant to drop from its perch, but rather sought refuge on the side of the twig opposite the disturbance. The caterpillar pupated 10 d after its collection.
The cocoon was a pendulous construction with lichen fragments woven into its outer wall (Fig. 2) . The horn-like body of the cocoon measured 3.5 by 9 mm; its top was ßattened, encrusted with lichens, and completely sealed. The cocoon was secured to the lower surface of a twig by a 3-mm-long peduncle. Dozens of small lichen and bark fragments were woven into the cocoon wallsÑ bark adjacent to the cocoon attachment point was stripped of lichens ( Fig. 2) . In essence, the outer wall of the cocoon became a garden of lichen fragments (capable of photosynthesis). Only a single seta from the body was noted in the outer wall of the cocoon. The adult (Fig. 3 ) emerged through the upper (ßat) end of the cocoon on 24 January 2006.
Discussion
The anal plate in both Abablemma bears two short, spine-like setae (D2 setae) (Fig. 13 ). Analogous setae occur in Bagisarinae and Acontiinae (Crumb 1956 ; D.L.W., unpublished data); in both of these closely related subfamilies the setae are thought to assist in the ßicking of the larval fecal pellets. Although we report SD2 to be missing on T2 and T3, the seta that we label as D2 might, in fact, be the second subdorsal seta. In any case, the absence (or extreme reduction) of either the D2 or SD2 seta is noteworthy.
Afrida ydatodes Dyar, a lichen-feeding nolid, also laboriously excises and weaves lichen fragments into its cocoon (D.L.W., unpublished data). Presumably, the behavior is convergent in Afrida Mö schler and Abablemma, but given the checkered phylogenetic history of both genera it would not be surprising to learn that the two genera are more closely situated phylogenetically than is reßected by their placement in the checklist of Franclemont and Todd (1983) .
The venter of the body in Abablemma (and Nigetia; see below) is starkly black. One wonders if this is not a form of ßash coloration with shared analogs among other groups of bark-resting Lepidoptera. Some lasiocampids have either wholly blackened (Apotolype Franclemont) or black-spotted (e.g., Artace Walker) venters. Allotria Hü bner, Catocala Schrank, Melipotis Hü bner, Zale Hü bner, and related noctuid genera have conspicuous black to purpleÐ black spotting along their venters. In all these groups the dorsal and lateral portions of the body are bark-like and highly cryptic. Caterpillars knocked from their perch that fall venter-side-up present to would-be predators a bold image or pattern that disappears once such caterpillars right themselves.
Taxonomic Status of Abablemma and Nigetia. Collectively, D.L.W. and T.L.M. have preserved larvae and/or images of Ͼ850 species of Nearctic Noctuidae (including Arctiinae and Lymantriinae), 37 of which we have reared from algae or lichens (Table 1) . Over the course of this study we noted numerous similarities between the larvae of Nigetia formosalis (Fig. 19) and Abablemma (Figs. 1 and 17, 18): A1-A4, and to a lesser extent A5 are lengthened; prolegs are wanting on A3 and A4; the prolegs A5 and A6 are closely situated, with those on A5 shifted rearward; A6 is reduced in length; the integument bears numerous enlarged papillae in both genera; the D1 setae are directed forward, whereas the D2 setae are directed caudad; the D and L setae are often borne from warts; A8 and A9 are strongly humped; the D2 setae on the anal plate are deßected downward; both genera bear a smoky yellow lateral patch above the prolegs and blackened venters; on the head stemmata 1Ð 4 are well separated from stemmata 5 and 6. Although the two genera are undoubtedly closely related (see also below), Nigetia Walker differs from Abablemma in a number of features, e.g., the integument is even more warted and rugose in Nigetia; abdominal segments 1Ð 4 are somewhat swollen in Nigetia; and the ventral surface of A1-A4 bears numerous short, tooth-like spines or denticles. The most striking difference is in the primary setae: these are appreciably shorter and expanded apically (and possibly glandular) in Nigetia.
In neighbor-joining trees for cytochrome c oxidase I (COI) data from Ͼ4,000 individuals representing Ͼ1,000 species of Lepidoptera, including Ͼ350 noctuoids, principally from North Carolina and Great Smoky Mountains National Park, A. brimleyana and N. formosalis cluster together (D.L.W., unpublished data). The average sequence divergence for the two genera is 9.5%. The two genera nest within the "Hypenodinae-Scolecocampinae-Eublemminae portion" of the tree but without obvious afÞnity to any other taxon (genus). Finally, as noted above, both Abablemma and Nigetia are algae feeders.
In 2005, N. formosalis was transferred from Hypenodinae to Scolecocampinae by Fibiger and Lafontaine (2005) . The weight of the character data that we examined indicates that Abablemma and Nigetia are very close, unquestionably members of a single tribe (contra Fibiger and Lafontaine); our only question is to which tribe the two should be assigned. The intuitively obvious solution, i.e., the transfer of Abablemma into Scolecocampinae, near Nigetia, is problematic, as Scolecocampa Guené e larvae are wholly Notes: Although some lots were offered only lichens it is possible for smaller (especially early instar) caterpillars to graze preferentially on epiphytic algae growing on these same substrates. Some of those listed above, e.g., Elaphria versicolor, Virbia aurantiaca, and Zanclognatha spp., are generalized in diet. dissimilar to both Abablemma and Nigetia. They are smooth, unpigmented, dead-wood borers with short setae and normal prolegs on A4-A6.
Taxonomic Status of Araeopteroninae. The larvae of Abablemma (and Nigetia 6 ) share numerous similarities with H. humidalis, the type species of Hypenodes Doubleday, which in turn is the type genus of Hypenodinae: 1) the prolegs are wanting on A3 and A4; 2) the proleg on A5 is modestly reduced in size; 3) prolegs on A5 and A6 are proximate, with the proleg on A5 shifted to rear of segment; 4) abdominal segments are 1Ð 4 lengthened; 5) abdominal segments 5, 6, and especially 7 are reduced in length (Beck 1999 (Beck , 2000  this study); 6) labral seta LR1 is deeply cephalad from LR2 setae (Matti Ahola in litt.). 7) At least some hypenodines can be reared on green algae (e.g., laboratory-reared Parahypenodes Barnes & McDunnough, Table 1 ). 8) Perhaps most signiÞcantly, at least some Hypenodinae, e.g., H. humidalis, Orectis proboscidata (Herrich-Schäffer), as well as Abablemma, construct novel pendulant cocoons (Klimesch 1934, Ahola and Silvonen 2005) . Taken in isolation, the larval characters suggest Abablemma and Nigetia are best regarded as hypenodines as originally posited by Franclemont and Todd (1983) , but see below.
Life histories of the above-mentioned and related genera are at best incompletely known. Although some have been reared from ßowers (Beck 1999 , 2000 , Ahola and Silvonen 2005 , it is not known whether these taxa accept other substrates in the wild. Orectis, for example, has been reared from both leaf litter (Stojankovic 2002) and dead plant roots (in caves) (Bella 1999) , and Nigetia and Abablemma from algae and lichens. Ex ova larvae of a hypenodine Parahypenodes quadralis Barnes & McDunnough and araeopteronine Sigela brauneata (Swett) fed and grew on a diet of Protococcus in the laboratory (Table 1) . Metalectra may be the most tellingÑwe have reared it to maturity on both algae and fungi. Possibly the common ancestor for these lineages was an extreme generalist, capable of digesting live and nonliving plant tissues, fungus, and still other organic matters. Beck (1999 Beck ( , 2000 noted that European Hypenodinae have only two SV setae on A2 and held the feature as a deÞning character for the subfamily. Abablemma and Nigetia have three SV setae on A1 and A2. We agree that the presence of only two setae on A2 likely represents an important (globally unique) synapomorphy for European hypenodinesÑthe only issue being what taxonomic level to accord this feature. The group could just as easily be regarded as a tribe. It is our contention that the number of similarities shared among Abablemma, Nigetia, and Hypenodes suggest that the three genera are best accommodated within a single subfamily.
Several of the characters listed above as being shared among Abablemma, Nigetia, and Hypenodes are also found in members of Eublemminae. For example, Metalectra Hü bner have lengthened anterior abdominal segments, the Þrst two pairs of prolegs are missing, and the integument is papillated. Forbes (1954) mentioned A. brimleyana in his discussion of Eumicremma minima (in his newly recognized tribe, Eublemmini)Ñ hence establishing a link between Abablemma (and other hypenodines?) and eublemmines.
Based on the nature of shared larval characters, common cocoon architecture, and similarities in the life histories, (Araeopteroninae, Eublemminae, Hypenodinae, and Scolecocampinae), we wonder about the need for four subfamilies for this set of lineages. At the very least, it is certain that taxonomic reshufßing will be needed to ensure monophyly of the four subfamilies, e.g., Abablemma and Nigetia are presently classiÞed in separate subfamilies, the Araeopteroninae and Scolecocampinae, respectively; and to our eyes neither genus appears to be even remotely related to Scolecocampa, the type of the Scolecocampinae. We encourage others to make efforts to acquire larvae, gather detailed life history information, and preserve material of any life stages for molecular study of these and other basal quadriÞds.
Lichen and Algal Feeding in Lepidoptera. The lichen-encrusted branches that yielded the single larva of A. duomaculata also produced two other species of Lepidoptera, C. subrufa (Noctuidae: Arctiinae: Lithosiini) and G. lenticuligera (Geometridae: Ennominae). Caterpillars of both were common: Ͼ6 of each were encountered during a 20-min period spent beating lichen-covered limbs. 6 The Þrst seven characters listed below also apply to N. formosalis; we did not take notes on the cocoon structure of Nigetia. Algal and lichen feeding is generally uncommon among macrolepidopterans (Rawlins 1984) . Tietz (1972) did not provide any entries for either substrate in his index to life histories on North American moths. Lichenophagy is best known in Lithosiini, a cosmopolitan, taxonomically diverse, and often numerically abundant arctiine tribe (Habeck 1987 , Jacobson and Weller 2001 , Wagner 2005 . There are an estimated 4,000 Ð5,000 species worldwide, the majority of which are thought to feed on lichens (I. Kitching, personal communication, but many are potentially, if not actually, algal grazers (McCabe 1981), a point developed below. The second most species-rich group of lichen feeders is Lycaenidae: an estimated 500 species of African Liptenini (Lycaenidae: Poritiinae) are regarded as lichenivorous (Robinson et al. 2007 ; R. Robbins personal communication) .
Lichen (and/or algal) feeding has arisen in the Noctuoidea in numerous lineages. Bryophilinae are a small cosmopolitan subfamily whose members are thought to be lichen specialists, although relatively few larvae have been collected; Old World species are reported to feed on lichens growing on bark and rocks (Lorimer 1983 , Sugi 1987 . T.L.M. has reared numerous Elaphriini ex ova to maturity on the green alga P. viridis, including six species of Elaphria Hü bner, one Anateinoma Mö schler, and one Gonodes Druce (Table  1) . Lichen and/or algal feeding have been conÞrmed in the lab for two araeopteronine genera (Table 1) , but diets in nature remain unstudied. The fact that so few have shown up in beating samples is suggestive that some or many are principally detritivores. Sugi (1987) illustrates four Japanese "hypenodine" generaÑEnispa Walker, Corgatha Walker, Aventiola Staudinger, and Catoblemma HampsonÑlichen feeding has been documented or is implied for one or more species in each genus (Sugi 1987) . Zanclognatha theralis (Walker) (Herminiinae) may be a lichen specialist, feeding on members of the genus Usnea (Sigal 1984) . T.L.M. has reared ex ova larvae of both Zanclognatha gypsalis (Grote) and Zanclognatha protumnusalis (Walker) to maturity on Protococcus, although the latter species and most members of the genus are known to be generalist detritivores that can be reared on dead leaves (Crumb 1956; Wagner 2005 ; D.L.W., unpublished data). Other herminiines with catholic diets opportunistically consume lichens, e.g., Idia americalis Guené e and Idia lubricalis (Geyer) (Forbes 1954 ; D.L.W., unpublished data). Laspeyria flexula (Denis & Schiffermü ller) is a lichen feeder (Robinson et al. 2007 ), but its subfamilial placement remains equivocal.
7 At least some afridines also seem to be algal and/or lichen feeders (D.L.W., unpublished data; D. Habeck, unpublished data). Robinson et al. (2007) list two genera of lichen-feeding Lymantriinae.
A number of ennomine geometrids also feed on lichens. In the Palearctic, members of three wellknown genera, Alcis Curtis, Cleorodes Warren, and Fagivornia Hufnagel, have been reared from lichens (Porter 1997 , Robinson et al. 2007 ). As noted above, larvae of G. lenticuligera, collected with A. duomaculata, were found and reared to maturity on lichens. Generalist ennomines that feed on a broad array of plants sometimes include lichens in their diets, e.g., Lambdina fiscellaria (Guené e) (Zhang 1994) . Similarly, ennomines that winter on bark, e.g., Hypagyrtis Hü bner, may graze on lichen tissues (D.L.W., unpublished data).
We summarize dietary patterns, diversity, and adult coloration for selected lineages of macrolepidopteran algal and fungal feeders in Table 2 . Each entry is hypothesized to represent a separate evolutionary origin, recognizing that the actual number for the included taxa may diminish, e.g., the ground plan for quadriÞd noctuid lineages may have included algal and fungal grazing (for Araeopteroninae, Herminiinae, Scolecocampinae, etc.). Regardless, the data in Table 2 suggest that algal and lichen feeding has evolved more than a dozen times among macrolepidopterans. To the extent that natural histories are known for both ingroup (algae and lichen feeding) and outgroup taxa, polyphagy appears as an evolutionary antecedent among most of the lineages, either on woody and non-woody green plant tissues (e.g., all three ennomine geometrid tribes, both arctiines tribes, and Lymantriidae) or on diverse, and sometimes nonliving, organic substrates (e.g., Araeopteroninae, Elaphriini, Eublemminae, Herminiinae, and Scolecocampinae). Only nolines are known to us to be a lineage composed almost exclusively of specialists on green plants ( Kitchings and Rawlins (1998) noted that their treatment of Afrida as a noline was tentative). We know too little about the evolutionary underpinnings of the Aventiinae, Bryophilinae, and Poritiinae to guess about the origins of these taxa.
Another pattern that emerges is that with two (important) exceptions, algal-and lichen-feeding lineages are small, containing less than two dozen species, at least in the Holarctic. The two exceptions, Lithosiini and Liptenini, both have associated adaptations that may relate to their greater evolutionary success. Lithosiini (4,000 Ð5000 species worldwide) is the only taxon listed in Table 2 known to sequester secondary compounds from lichens. Liptenini are tended by ants, which might have much to do with their great species diversity (500 species worldwide). Once tropical faunas are better known, it may well be that other algalfeeding lineages, particularly among the basal quadriÞds, will be shown to be taxonomically rich.
A few additional correlates are suggested. Liptenines bear extremely long setae, especially in the early instars. It was the remarkably long setae of Abablemma that initially attracted us to describe the larva. Afrida and many lithosiines also bear long soft setae. With few exceptions, algal and lichen feeders are small moths, in keeping with the architectural complexity of their hosts. Finally, it is our guess that, like lithosiine arctiids and some liptenines, many will be shown to have a mechanism for launching their feculae away 7 Recently the moth was moved to Catocalinae: Aventiini by Goater et al. (2003) ; subsequently, Aventiini was raised to subfamily status by Fibiger and Lafontaine (2005) . (Robinson et al. 2007) Both genera seem to be lichen specialists Each row is tentatively assumed to represent a separate evolutionary derivation of algae/lichen feeding. Taxa with brightly colored adults should be checked for sequestration of lichen secondary metabolites. from the feeding site. Caterpillars feeding on the ground or in lichen clustersÑwhere gravity cannot be relied upon to carry away ones own fecesÑwould seem to be especially vulnerable to natural enemies that use volatiles released from feculae to locate their prey.
To what extent lepidopteran caterpillars preferentially consume algal versus fungal components of lichens is in need of study. The liptenine hairstreak, Pentila pauli Staudinger, feeds exclusively on algae, even in the presence of foliose lichens, and ceases feeding through dry periods when algal cells are not actively growing (Heath et al. 2002) . McCabe (1981) reported a similar situation in Clemensia albata Packard, a lithosiine larvae fed exclusively on green algae and refused the selection of native lichens that were offered. T.L.M. has reared 33 species of Nearctic macrolepidopterans ex ova on free-living green algae (mostly Protococcus) ( Table 1 ). More to the point, we are unaware of any lichen-feeding lepidopteran that requires fungal tissue to mature. Among those lichen feeders that consume thalli, at least some show a preference for tissues of the cortex and underlying algal layers, and by extension ignore cells of the medulla (Baĉ kor et al. 2003) . Moreover, some lichens, e.g., those rich in polyphenolics, may be unsuitable as hosts (Pö ykkö and Hyvärinen 2003, Pö ykkö et al. 2005) . Although much remains to be learned, on the whole what is presently widely known as lichenivory might more correctly be thought of as algivory for many of the lineages of Lepidoptera listed above. We are not arguing that these moths do not actively seek out and consume lichensÑ because many do (see below)Ñ only that algae seem to have primacy in the diet. Such may be the case, especially in early instars. It is our guess that many lichen feeders will be found to graze initially on algae until they attain a size that allows them to deal with the tougher fungal components of lichens. Moreover, although we have made the argument that algae have primacy in the diet, we are aware of only one lineage (C. albata) that consumes only epiphytic algae (and refuse lichens), bolstering the argument made above that many algivorous and lichenivorous Lepidoptera are ancestrally polyphagous. Finally, we do not know how many of the species in Tables 1 and 2 are algal/lichen obligates. Stated differently, we do not know how many species in our tables could be reared on substrates other than algae (and lichens)Ñlikely many.
It is our guess that the largest (lithosiine arctiines) and possibly the second largest clade (liptenine hairstreaks) will be found to sequester toxic chemicals from lichens, hosts rich in phenolics and other secondary compounds (Lawrey 1986 , Fahselt 1994 , Elix 1996 . Because so little is known about the African Liptenini, we conÞne our argument to what is known about the chemical ecology of the tiger moths. Twentyfour lithosiines representing Þve genera were shown by Hesbacher et al. (1995) to sequester secondary plant compounds from lichens. Given the self-advertisement coloration of lithosiine adults and the penchant of arctiines for toxin-containing plants ( Rothschild 1985 , Bowers 2008 , Singer and Bernays 2008 , we think it probable that many lithosiines will be found to sequester toxic compounds from the consumption of lichens (and not algae). And that these compounds inßuence the Þtness of all life stages, as is the case for other arctiine subfamilies and tribes, playing roles in courtship (Conner et al. 1981 , Schultz et al. 1993 , Eisner and Meinwald 2003 , Jordan et al. 2005 , protection from predators (Eisner and Eisner 1991 , Cardoso 1997 , Weller et al. 1999 , and/or resistance to parasitoids (Singer et al. 2004 ). So although we argued above that algae have primacy in the diet, it is also our supposition that lichens will prove key to the chemical ecology and evolutionary success of lithosiines and other brightly colored lineages.
On the whole, although many of the Lepidoptera discussed herein are small, inconspicuous, and have escaped the attention of most lepidopterists, they certainly proved themselves to be fertile ground for discovery: much remains to be learned about their early stages, diet, and chemical ecology. Their phylogeny and classiÞcation is in particular need of studyÑthe mosaic of larval behavioral and structural patterns is perplexing. To quote our colleague Don Lafontaine (in litt.), ". . . research on the immatures of the basal lineages of quadriÞne noctuids is badly needed and [this research] will undoubtedly bring much new data to resolve relationships among these subfamilies and genera."
